(2'-5')Oligoadenylic acid [(2'-5')An] polymerase activity was measured in extracts of human lymphoblastoid cells of the Namalva line cultured under different conditions. Exponentially growing cells had a relatively low polymerase activity level, whereas cells grown to limit density showed elevated levels. When fresh medium was added to growth-arrested cells, (2'-5')An polymerase activity decreased concomitantly with the initiation of active deoxyribonucleic acid synthesis. An increase in polymerase activity level was also observed after exponentially growing cells were transferred from medium containing 20% serum to fresh medium containing 0.2% serum. These cells diminished deoxyribonucleic acid synthesis and remained quiescent until 20% serum was again added. Polymerase activity level decreased as the cells entered into S phase. The addition of the inhibitor of deoxyribonucleic acid synthesis, hydroxyurea, to exponentially growing cells did not increase polymerase level, indicating that cells blocked in S phase and at the G1-S boundary mantained the basal level of this enzyme. Degradation of labeled (2'-5')An was measured in extracts of Namalva cells cultured under different conditions, but no significant differences among degradative activities were observed. Since (2'-5')An polymerase activity is one of the enzymatic activities induced by interferon, we measured interferon titers in Namalva cell medium. Less than 1 reference unit per ml was detected in cells grown under different conditions. Moreover, the increase in (2'-5')An polymerase activity level in cells transferred from 20 to 0.2% serum was not prevented by including anti-lymphoblastoid interferon antibody in the medium. These results suggest that the activity level of (2'-5')An polymerase is regulated in Namalva cells on the basis of the growth status of the cells and that this regulatory mechanism is apparently not activated by interferon.
Interferons induce the syntheses of a group of proteins that can be detected either by gel electrophoresis (6, 11) or elevated enzymatic activity (1) . Among these proteins are a protein kinase and an oligoadenylate polymerase that require double-stranded ribonucleic acid (RNA) for activation (1). The latter enzyme polymerizes adenosine 5'-triphosphate (ATP) into oligonucleotides, which are linked by 2'-5' phosphodiester bonds (9) and are designated (2'-5')oligoadenylic acid or (2'-5')An. These oligonucleotides activate an endoribonuclease found both in interferon-treated and untreated cells (2, 4, 17) . The induction of (2'-5')An polymerase activity was recently demonstrated by showing increased levels of messenger RNA for this enzyme in interferon-treated cells (20) .
Basal levels of the protein kinase and (2'-5')An polymerase are found in cells not treated with interferon, but it is not yet known whether these enzymes have any biological role other than their participation in the antiviral state elicited by interferon. Stark et al. (21) studied the distribution of polymerase in cells and tissues of different species, and they observed that an elevated polymerase activity was strikingly correlated in two cases with tissue differentiation. The polymerase activity progressively increases in the oviduct of estrogen-treated chicks upon withdrawal of the hormone and cessation of the synthesis of egg proteins (21) . An elevated polymerase activity is also found in rabbit reticulocytes (6); these cells also have high activity levels of the double-stranded RNA-dependent protein kinase (5) . More recently, elevated activity levels of (2'-5')An polymerase were detected in human lymphoblastoid cells treated with glu-932 cocorticoid hormones, which are growth inhibiting for these cells (13) . This effect of glucocorticoids is not mediated by the secretion of interferon (13) . These observations suggest that the levels of (2'-5')An polymerase activity may be regulated by physiological stimuli different from interferon.
The present investigation was undertaken with the aim of understanding the relationship between growth status and activity level of (2'-5')An polymerase in human lymphoblastoid cells of the Namalva line. These cells were reported to have an elevated polymerase activity level (21) . The (2'-5')An synthesis. The cells from 10 ml of culture were collected by centrifugation. The cell pellet was frozen, thawed, and suspended in 0.05 ml of buffer and glycerol as previously described (13) . A supernatant fraction (30S) was obtained by centrifuging the broken cells for 5 min at 30,000 x g. The assays for (2'-5')An synthesis contained 10 ,lI of S30 (ca. 20 (2'-5')An degradation. High-specific-activity [3H](2'-5')A, was prepared as previously described (13) . The assays contained 10 yd of S30 protein, 1 ,uM [3H](2'-5')An [ca. 5,000 cpm of the label and 20 pmol of (2'-5')A,], 0.1 M potassium acetate, 4 mM ATP, and 3 mM fructose 1,6-bisphosphate in a final volume of 20,ul. Degradation of (2'-5')An was also assayed under the conditions of (2'-5')A, synthesis described above, except that polyinosinate polycytidylate and [3H]-ATP were omitted. Degradation of (2'-5')A, was measured by chromatography on diethylaminoethyl-cellulose as previously described (14) and is expressed as picomoles (in adenosine 5'-monophosphate equivalents) degraded in a 30-min incubation per milligram of S30 protein.
Interferon assay. Media from Namalva cell cultures were added to human foreskin fibroblast monolayer cultures in cluster plates. After 16 h, the media were removed, and the cells were infected with encephalomyocarditis virus at a multiplicity of infection of 0.1. The cytopathic effect of the virus was determined after 48 h by a vital dye uptake method (3). Dilutions of the NIH Reference Interferon Standard G-023-901-527 were run in parallel; 50% protection of fibroblasts was obtained with about 0.3 reference units of this interferon preparation per ml. Anti-lymphoblastoid interferon antibody was a gift of C. B. Anfinsen; the original sheep antiserum was obtained by injection of highly purified Namalva cell interferon (24) . An immunoglobulin fraction, prepared from the antiserum and absorbed with mock interferon, was used in the present experiments. The antibody titer was measured by incubating Namalva cell interferon obtained from C. B. Anfinsen with dilutions of the antibody. After 30 min at 37°C and overnight incubation at 0°C, the interferon titer was measured as described above; 100 U of interferon was neutralized by 7.5 pl of antibody preparation.
RESlTLTS
(2'-5')A. polymerase activity in Namalva cells cultured under different conditions. We initially established the assay conditions to accurately measure the synthesis of (2'-5')An with extracts of Namalva cells. The amount of (2'-5')An formned in an incubation with cell extract results from the balance between the synthesis and the degradation of (2'-5')An, since (2'-5')An is readily catabolized by a 2'-phosphodiesterase (18) and possibly by other enzymes. To prevent degradation of (2'-5')An, we took advantage of an observation of Minks et al. (15) that high concentrations of ATP, the substrate for the polymerase, inhibit degradation of (2'-5')An.
We incubated Namalva cell extract with labeled (2'-5')An and increasing concentrations of ATP (Fig. 1) . Degradation of (2'-5')An was almost completely prevented by 10 mM ATP; therefore, all subsequent assays were carried out with this ATP concentration.
Subsequently, we measured the (2'-5')An polymerase activity in extracts of Namalva cells cultured at different densities (Table 1) . Expo- Effect ofATP concentration on the degradation of (2'-5')A.. Labeled (2'-5)A,, was incubated with Namalva cell S30 protein, as described in the text. After 30 min, undegraded (2'-5')A, was reisolated by chromatography on diethylaminoethyl-cellulose (14) . Degraded (2'-5')A. is indicated relative to an incubation without added ATP. The abbreviation 2-5A is used in this and the following figures for (2'-5')An. (14) . Other cultures of Namalva cells were maintained at a higher density; these cells actively synthesized DNA after the addition of fresh medium but became gradually quiescent as they approached saturation density (see below). The (2'-5')An polymerase activity was in this case correlated with the cell densities of the cultures (Table 1 ). In particular, cells mantained at a very high density had levels of (2'-5')An polymerase activity comparable to those of lymphoblastoid cells treated with interferon (13) .
These experiments suggest a possible relationship between growth status and (2'-5')An polymerase activity. To investigate this relationship, we measured the polymerase activity in growtharrested cells stimulated to divide by the addition of fresh medium (Fig. 2) . These cells resumed DNA synthesis and divided after approximately 30 to 40 h, reverting to a low level of DNA synthesis after doubling. (2'-5')An polymerase activity decreased about twofold before DNA synthesis peaked, and it remained at a markedly reduced level while the cells were actively synthesizing DNA. When the cells became quiescent, however, the polymerase activity increased again to the original level. It should be pointed out that in these experiments, a constant 10-ml portion of cell culture was harvested for the preparation of the S30 fraction and that the (2'-5')An polymerase activity was referred to as milligrams of S30 protein. By measuring the concentration of S30 protein, we detected an increase in the protein content per cell within 10 h of the addition of fresh medium (Fig. 2A) . If the density-arrested cells had stopped synthesizing the polymerase upon refeeding, this enzyme would have been "diluted out" by the newly made proteins. The increase in protein synthesis upon refeeding was not sufficient to produce a decrease in polymerase activity, however, as shown by an experiment with the inhibitor of DNA synthesis, hydroxyurea ( (Fig. 3) . Synthesis of DNA declined rapidly in these cells, whereas the polymerase activity increased severalfold. This indicates that the polymerase activity increases as the growth of the cells is arrested, possibly in a Go state.
It was of interest to measure the (2'-5')An polymerase activity of cells whose growth was arrested in medium with 0.2% serum and which were stimulated to divide by the addition of 20% serum (Fig. 4) . These cells entered into S phase in a synchronous way and, correspondingly, the polymerase activity was reduced by more (0) and (2'-5')A, synthesis (x) and degradation (*) in Namalva cells transferred to medium containing 0.2% serum. Cells in exponential growth were suspended in fresh medium at 4 x 105/ml. At the times indicated, portions of the culture were taken for the assays mentioned in the legend to Fig. 2 . In addition, degradation of (2'-5')An was measured as described in the text and is expressed as pmol/mg of S30 protein within 30 min. 4 . Synthesis ofDNA (0) and (2'-5')An synthesis (x) and degradation (*) in growth-arrested Namalva cells transferred to medium containing 20%o serum. The cells were cultured for 3 days in medium containing 0.2%o serum, as shown in Fig. 3 . The cells were then transferred to medium containing 20%o serum, and culture portions were taken to measure cell number (A), milligrams of S30 protein per milliliter of cell culture (M), DNA synthesis, and (2'-5')An synthesis and degradation, as described in the legend to Fig. 3. increased above 1.2 x 106 cells per ml, however, DNA synthesis slowed down, and the (2'-5')An polymerase activity conversely increased (Fig.  4) . In a parallel experiment, fresh medium was added at 24-h intervals to maintain the cells in exponential growth. In this case, the polymerase activity dropped to 2.0 nmol after 48 h and remained at this low level as long as the cells were kept in exponential growth.
Another experiment with the inhibitor of DNA synthesis, hydroxyurea, also suggested that the increase in (2'-5')A. polymerase activity is a specific Go event. Hydroxyurea prevents progression of exponentially growing cells traversing S phase and either arrests other cells at the G1-S boundary or allows these cells to slowly move into S phase (22) . (2'-5')An polymerase activity did not increase in cells treated for 24 h with hydroxyurea (Table 2) . A complete block in DNA synthesis in cells outside GI or at the G2-S boundary, therefore, had no effect on the polymerase activity level.
(2'-5')An degradative activity. It is not known whether (2'-5')An polymerase activity is activated in growth-arrested Namalva cells and whether (2'-5')An is present in detectable amounts. It was of interest to establish whether the enzymatic activities that degrade (2'-5')An are increased in growth-arrested cells because elevated levels of degradative activity may prevent accumulation of (2'-5')An. In the following experiments, we measured degradation of labeled (2'-5')An under conditions selected to obtain about 50% breakdown of this substrate (see above). This was accomplished by reducing the ATP concentration in the incubations to 4 mM. Under these conditions, the degradative activity of S30 protein prepared from cells transferred to 0.2% serum (Fig. 3) or prepared from these cells transferred back to medium with 20% serum (Fig. 4) showed no detectable change. These results show that little change in (2'-5')An degradative activity took place, in spite of a relatively large increase in synthetic activity.
Changes in (2'-5')A. polymerase activity of Namalva cells were not mediated by interferon. Certain human lymphoblastoid cell lines can spontaneously produce and secrete interferon (23) . It seemed possible, therefore, that some of the changes in the level of (2'-5')An polymerase activity could be mediated by the interferon present in the culture medium. To examine this possibility, we assayed the interferon titer of cells cultured under different conditions. The supernatant obtained from Namalva cell cultures was added to human fibroblast cultures that were afterwards infected with encephalomyocarditis virus. This assay can detect 0.3 U/ml of human interferon a (see above). We did not observe significant protection of fibroblasts with Namalva cell medium, even when it was tested at a 1:1 dilution. This finding is in agreement with a recent report that Namalva cells cultured under conditions similar to those described here produce very little, if any, interferon (16) .
The possibility could not be excluded, however, that interferon produced by Namalva cells under some specific growth conditions was bound to cell receptors and thus not detectable in the culture medium. To prevent this event, we added anti-lymphoblastoid interferon antibody to cells transferred to 0.2% serum (Table  3) . When compared with cultures with no added antibody, no difference in the increase of (2'-5')An polymerase activity was observed. In experiments recently reported, the addition of anti-interferon antibody was shown to prevent the induction of (2'-5')An polymerase activity by interferon (20 the increase in polymerase activity observed in Namalva cells grown under certain conditions is mediated by secreted interferon. DISCUSSION The level of (2'-5')An polymerase activity is clearly related to growth status in Namalva cells. Exponentially growing cells have low levels of this enzymatic activity, whereas growth-arrested cells have relatively high levels. The increase in (2'-5')An polymerase activity occurs when Namalva cells become quiescent either because they reach a limit density or upon transfer to a medium with low serum content. It seems unlikely that this increase in polymerase activity is mediated by interferon, since we were unable to detect significant levels of interferon in the culture medium. Moreover, other lymphoblastoid cell lines investigated by Pickering et al. (16) secrete interferon spontaneously only during exponential growth.
Inhibition of DNA synthesis by hydroxyurea in exponentially growing Namalva cells did not result in elevated (2'-5')An polymerase activity. This suggests that the polymerase does not increase in cells blocked at the GI-S boundary or in S phase. The converse phenomenon, a sharp decrease in (2'-5')An polymerase activity, was observed in cells that resume active DNA synthesis upon being refed or after addition of a medium with a high serum content. This decrease was prevented by the addition of hydroxyurea, suggesting that the decrease occurs after the cells enter into S phase. The results of experiments with hydroxyurea should be interpreted with some caution, however, since inhibitors may have pleiotropic effects on cell metabolism.
These observations indicate that the (2'-5')An polymerase activity increases in Namalva cells blocked in Go and decreases in cells released from this block. We have previously reported a similar increase in polymerase activity in other lymphoblastoid cell lines whose growth was arrested by the glucocorticoid hormone hydrocortisone (13) . The increase in polymerase activity is prevented by inhibitors of RNA and protein syntheses, suggesting that the increase requires de novo transcription and translation (13) .
The decrease in (2'-5')An synthetic activity observed in Namalva cells that resume active growth is apparently not explained by an increased level of (2'-5')An degradative activities. It seems possible, therefore, that the polymerase activity declines because this enzyme decays with a relatively short half-life. A similar decline in polymerase activity was previously observed in quiescent human fibroblasts continuously treated with interferon (13a). In HeLa cells, however, the polymerase activity decreases only when interferon is removed from the medium (14) . (2'-5')A, polymerase activity may thus be subjected to specific regulatory mechanisms of different cell types. Mouse spleen lymphocytes have a high basal level of polymerase activity (10, 21) . A comparably elevated activity was also observed in mouse mesenteric lymph node cells (10) and in circulating lymphocytes obtained from human blood (C. Baglioni and P. A. Maroney, unpublished data). A high polymerase activity may be characteristic of quiescent lymphoid cells.
The role of (2'-5')An polymerase activity in cellular macromolecular metabolism is presently unknown. Knight et al. (12) recently reported that detectable amounts of (2'-5')A, are present in interferon-treated mouse L cells. Therefore, it seems possible that significant concentrations of (2'-5')A, are present in cells with elevated levels of (2'-5')A, polymerase activity. (2'-5')A. activates a ribonuclease in intact cells (8) , as it does in cell extracts (2, 4) , and may promote the catabolism of cellular RNA. It will be interesting in future studies to measure (2'-5')An concentration and the turnover ofRNA in growth-arrested Namalva cells. Such studies may provide us with an understanding of the role of (2'-5')An polymerase in the regulation of proliferation of lymphoid cells. 
